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UPLINK CONTROL SIGNAL
TRANSMISSION METHOD AND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage of International
Patent Application No. PCT/CN2016/112639 filed on Dec.

28, 2016, which claims priority to Chinese Patent Applica-
tion No. 201610958406.X filed on Nov. 3, 2016. Both of the
alorementioned applications are hereby incorporated by
reference in their entireties.

TECHNICAL FIELD

This application relates to the communications field, and
more specifically, to an uplink control signal transmission
method and apparatus.

BACKGROUND

To improve accuracy and reliability of wireless commu-
nication, a second device and a first device transmit an
uplink control signal (or an uplink control channel) in a
communication process.

In addition, 1n the prior art, a quantity of symbols in each
uplink transmission subirame that are used to carry an
uplink control signal 1s fixed and 1s 14, and each uplink
control signal 1s transmitted on only one resource.

However, with development of communications tech-
nologies, a quantity of symbols included 1n each resource
changes, and not every resource includes 14 symbols for an
uplink control channel. In addition, requirements, of a
communications service, on a quantity of symbols occupied
by an uplink control signal and on transmission power are
also diversified. For example, a terminal device may send an
uplink control signal by occupying a quantity of symbols
that 1s greater than, equal to, or less than 14. Consequently,
it 1s possible that a quantity of symbols included in a
resource cannot satisty a transmission power requirement of
an uplink control signal. In this case, 1f a prior-art transmis-
sion method 1n which a fixed quantity of symbols 1n a
resource are used to carry an uplink control signal 1s used,
a terminal device transmits the uplink control signal when a
quantity ol symbols included in a resource can satisiy the
transmission power requirement. This causes a waste of
resources, and increases a transmission delay of the uplink
control signal.

SUMMARY

This application provides an uplink control signal trans-
mission method and apparatus, so as to reduce a waste of
communications resources and reduce a transmission delay
of an uplink control signal.

According to a first aspect, an uplink control signal
transmission method 1s provided, where the method
includes: determining, by a first device, a first quantity of
symbols; and sending, by the first device, an uplink control
signal on at least one resource based on the first quantity of
symbols, where a quantity of symbols included 1n the uplink
control signal 1s a second quantity of symbols, and the
second quantity of symbols 1s greater than or equal to the
first quantity of symbols.

The uplink control signal i1s sent on the at least one
resource. When a quantity of symbols included 1n a resource
1s less than the first quantity of symbols, the uplink control
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signal may be sent by occupying a plurality of resources
including the resource. This can reduce a delay of uplink
control signal transmission between the first device and a
second device and can reduce resource overheads.

The uplink control signal 1s sent by using symbols whose
quantity 1s greater than the first quantity of symbols, to
improve resource scheduling flexibility during uplink con-
trol signal transmission.

With reference to the first aspect, in a first implementation
of the first aspect, the determining, by a first device, a {first
quantity of symbols includes: determining, by the {first
device, a first measurement result based on a first reference
signal sent by a second device; and determining, by the first
device, the first quantity of symbols based on the first
measurement result.

The first device determines the first quantity of symbols
by using the first reference signal sent by the second device,
where the first reference signal reflects channel quality of a
channel between the first device and the second device.
Theretore, the first quantity of symbols that 1s determined by
using the first reference signal 1s associated with the quality
of the channel between the first device and the second
device. This can improve reliability of uplink control signal
transmission between the second device and the first device.

With reference to the first aspect and the foregoing
implementation of the first aspect, the method further
includes: receiving, by the first device, first information sent
by the second device, where the first information 1s used to
indicate a mapping relationship between the first measure-
ment result and the first quantity of symbols; and the
determining, by the first device, the first quantity of symbols
based on the first measurement result includes: determining,
by the first device, the first quantity of symbols based on the
mapping relationship and the first measurement result.

With reference to the first aspect and the foregoing
implementations of the first aspect, 1n a third implementa-
tion of the first aspect, before the sending the uplink control
signal, the method further includes: sending, by the first
device, second information to the second device, where the
second mnformation 1s used to indicate the second quantity of
symbols.

The second information used to indicate the quantity of
symbols included 1n the uplink control signal 1s sent to the
second device, so that the second device receives, more
purposefully, the uplink control signal sent by the first
device. This improves accuracy and reliability of receiving
the uplink control signal by the second device.

With reference to the first aspect and the foregoing
implementations of the first aspect, 1n a fourth implemen-
tation of the first aspect, the determining, by a first device,
a first quantity of symbols includes: recerving, by the first
device, third information sent by the second device, where
the third mformation 1s used to indicate the first quantity of
symbols; and determining, by the first device, the first
quantity ol symbols based on the third information.

The first quantity of symbols that 1s determined by the
second device based on a second reference signal 1s sent to
the first device, where the first quantity of symbols 1s
associated with channel quality of a channel between the
first device and the second device. This can improve reli-
ability of uplink control signal transmission between the
second device and the first device, thereby ensuring a
transmission range of the uplink control signal.

With reference to any one of the first aspect or the
foregoing implementations of the first aspect, in a fifth
implementation of the first aspect, the sending an uplink
control signal by occupying at least one resource includes:
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determining, by the first device, a first time domain resource,
and sending the uplink control signal in some or all of uplink
transmission symbols that are located in the first time
domain resource and after the first time domain resource.

The first device determines the first time domain resource
tor sending the uplink control channel, and sends the uplink
control signal 1 some or all of the uplink transmission
symbols that are located 1n the first time domain resource
and after the first time domain resource, so that the second
device receives, more purposetully, the uplink control signal
sent by the first device. This improves accuracy and reli-
ability of receiving the uplink control signal by the second
device.

With reference to the first aspect and the foregoing
implementations of the first aspect, in a sixth implementa-
tion of the first aspect, the sending an uplink control signal
by occupying at least one resource includes: sending, by the
first device, the uplink control signal on at least one of time
domain resources that are at the first time domain resource
and after the first time domain resource.

With reference to the first aspect and the foregoing
implementations of the first aspect, in a seventh implemen-
tation of the first aspect, the determining, by the first device,
a first time domain resource includes: recerving, by the first
device, fourth information sent by the second device, where
the fourth information 1s used to indicate the first time
domain resource.

The second device indicates, to the first device, the first
time domain resource for sending the uplink control signal,
so that a time-frequency domain resource occupied when the
first device sends the uplink control signal 1s more flexible.

With reference to any one of the first aspect or the
foregoing implementations of the first aspect, i an eighth
implementation of the first aspect, the sending an uplink
control signal by occupying at least one resource includes:
determining, by the first device, M time domain resources,
where Mz1; and sending, by the first device, the uplink
control signal 1n some or all of uplink transmission symbols
in the M time domain resources.

The first device determines the M time domain resources,
and sends the uplink control signal on the M time domain
resources, so that the second device receives, more purpose-
tully, the uplink control signal sent by the first device. This
improves accuracy and reliability of receiving the uplink
control signal by the second device.

With reference to the first aspect and the foregoing
implementations of the first aspect, in a ninth 1implementa-
tion of the first aspect, the sending, by the first device, the
uplink control signal on the M time domain resources
includes: when M 1s greater than 1, sending, by the first

device, the uplink control signal on at least one of the M time
domain resources.

With reference to the first aspect and the foregoing
implementations of the first aspect, 1n a tenth implementa-
tion of the first aspect, the determining, by the first device,
M time domain resources includes: receiving, by the first
device, fifth information sent by the second device, where
the fifth information 1s used to indicate at least one of the M
time domain resources.

With reference to any one of the first aspect or the
foregoing implementations of the first aspect, 1n an eleventh
implementation of the first aspect, the method further
includes: determining, by the first device, a first resource;
and the sending an uplink control signal by occupying at
least one resource includes: sending, by the first device, the
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4

uplink control signal on the first resource, where the first
resource 1ncludes a time domain resource and/or a frequency
domain resource.

With reference to any one of the first aspect or the
foregoing implementations of the first aspect, 1n a twellth
implementation of the first aspect, the first quantity of
symbols 1s associated with channel quality of a channel
between the second device and the first device.

Making the first quantity of symbols associated with the
channel quality of the channel between the first device and
the second device can ensure that power, of the uplink
control signal, determined based on the quantity of symbols
used to carry the uplink control signal satisfies a current
channel state. In this way, reliability of uplink control signal
transmission between the second device and the first device
can be improved on a basis of flexibility determining the
quantity of symbols used to transmit the uplink control
signal. Further, a waste of communications resources can be
avoilded, and communication reliability and accuracy can be
improved.

According to a second aspect, an uplink control signal
transmission method 1s provided, where the method
includes: receiving, by a second device on at least one
resource, an uplink control signal that 1s sent by a first device
based on a first quantity of symbols, where a quantity of
symbols included 1n the uplink control signal 1s a second
quantity of symbols, and the second quantity of symbols 1s
greater than or equal to the first quantity of symbols.

The uplink control signal 1s sent on the at least one
resource. When a quantity of symbols included 1n a resource
1s less than the first quantity of symbols, the uplink control
signal may be sent by occupying a plurality of resources
including the resource. This can reduce a delay of uplink
control signal transmission between the first device and the
second device and can reduce signaling overheads, while
satisiying a transmission range.

The uplink control signal 1s sent by using symbols whose
quantity 1s greater than the first quantity of symbols. This
can 1mprove resource scheduling flexibility during uplink
control signal transmission, while satisiying the transmis-
101 range.

With reference to the second aspect, 1n a first implemen-
tation of the second aspect, before the receiving the uplink
control signal, the method further includes: sending, by the
second device, a first reference signal to the first device, so
that the first device determines a first measurement result
based on the first reference signal, and determines the first
quantity of symbols based on the first measurement result.

The first device determines the first quantity of symbols
by using the first reference signal sent by the second device,
where the first reference signal retlects channel quality of a
channel between the first device and the second device.
Theretore, the first quantity of symbols that 1s determined by
using the first reference signal 1s associated with the quality
of the channel between the first device and the second
device. This can improve reliability of uplink control signal
transmission between the second device and the first device.

With reference to the second aspect and the foregoing
implementation of the second aspect, in a second implemen-
tation of the second aspect, the method further includes:
sending, by the second device, first information to the first
device, where the first information 1s used to indicate a
mapping relationship between the first measurement result
and the first quantity of symbols.

With reference to the second aspect and the foregoing
implementations of the second aspect, 1n a third implemen-
tation of the second aspect, before the receiving the uplink
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control signal, the method turther includes: receiving, by the
second device, second information sent by the first device,
where the second information is used to indicate the second
quantity ol symbols; and the receiving, by the second
device, the uplink control signal includes: receiving, by the
second device, the uplink control signal based on the second
information.

The second information that 1s used to indicate the
quantity of symbols included 1n the uplink control signal and
that 1s sent by the first device 1s received, so that the second
device receives, more purposetully, the uplink control signal
sent by the first device. This improves accuracy and reli-
ability of receiving the uplink control signal by the second
device.

With reference to the second aspect and the foregoing
implementations of the second aspect, 1n a fourth imple-
mentation of the second aspect, before the receiving the
uplink control signal, the method further includes: sending,
by the second device, third information to the first device,
where the third information 1s used to indicate the first
quantity of symbols.

The first quantity of symbols that 1s determined by the
second device based on a second reference signal 1s sent to
the first device, where the first quantity of symbols 1s
associated with channel quality of a channel between the
first device and the second device. This can improve reli-
ability of uplink control signal transmission between the
second device and the first device, thereby ensuring a
transmission range of the uplink control signal.

With reference to any one of the second aspect or the
foregoing implementations of the second aspect, in a fifth
implementation of the second aspect, the receiving an uplink
control signal on at least one resource includes: determining,
by the second device, a first time domain resource, and
receiving the uplink control signal 1n some or all of uplink
transmission symbols that are located in the first time
domain resource and after the first time domain resource.

The first device determines the first time domain resource
for sending the uplink control channel, and receives the
uplink control signal in some or all of the uplink transmis-
sion symbols that are located in the first time domain
resource and after the first time domain resource, so that the
second device recerves, more purposefully, the uplink con-
trol signal sent by the first device. This improves accuracy
and reliability of receiving the uplink control signal by the
second device.

With reference to the second aspect and the foregoing
implementations of the second aspect, 1n a sixth implemen-
tation of the second aspect, the recerving an uplink control
signal on at least one resource includes:

receiving, by the second device, the uplink control signal
on at least one of time domain resources that are at the first
time domain resource and after the first time domain
resource.

With reference to the second aspect and the foregoing
implementations of the second aspect, 1n a seventh 1imple-
mentation of the second aspect, before the receiving the
uplink control signal, the method further includes: sending,
by the second device, fourth information to the first device,
where the fourth information 1s used to indicate the first time
domain resource.

The second device indicates, to the first device, the first
time domain resource for sending the uplink control signal,
so that a time-frequency domain resource occupied when the
first device sends the uplink control signal 1s more flexible.

With reference to any one of the second aspect or the
foregoing implementations of the second aspect, 1n an eighth
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implementation of the second aspect, the receiving an uplink
control signal on at least one resource includes: determining,
by the second device, M time domain resources, where
Mz=1; and receiving, by the second device, the uplink control
signal 1n some or all of uplink transmission symbols 1n the
M time domain resources.

The first device determines the M time domain resources,
and receives the uplink control signal in some or all of the
uplink transmission symbols 1 the M time domain
resources, so that the second device recerves, more purpose-
tully, the uplink control signal sent by the first device. This
improves accuracy and reliability of receiving the uplink
control signal by the second device.

With reference to the second aspect and the foregoing
implementations of the second aspect, 1n a ninth implemen-
tation of the second aspect, the receiving, by the second
device, the uplink control signal on the M time domain
resources includes: when M 1s greater than 1, receiving, by
the second device, the uplink control signal on at least one
of the M time domain resources.

With reference to the second aspect and the foregoing
implementations of the second aspect, in a tenth implemen-
tation of the second aspect, before the receiving the uplink
control signal, the method further includes: sending, by the
second device, fifth information to the second device, where
the fifth information 1s used to indicate at least one of the M
time domain resources.

With reference to any one of the second aspect or the
foregoing 1mplementations of the second aspect, 1n an
cleventh implementation of the second aspect, the method
further includes: determiming, by the second device, a first
resource; and the receiving an uplink control signal on at
least one resource icludes: receiving, by the second device,
the uplink control signal on the first resource, where the first
resource includes a time domain resource and/or a frequency
domain resource.

With reference to any one of the second aspect or the
foregoing implementations of the second aspect, in a twelith
implementation of the second aspect, the first quantity of
symbols 1s associated with channel quality of a channel
between the second device and the first device.

Making the first quantity of symbols associated with the
channel quality of the channel between the first device and
the second device can ensure that power, of the uplink
control signal, determined based on the quantity of symbols
used to carry the uplink control signal satisfies a current
channel state. In this way, reliability of uplink control signal
transmission between the second device and the first device
can be improved on a basis of flexibility determining the
quantity of symbols used to transmit the uplink control
signal. Further, a waste of communications resources can be
avoilded, and communication reliability and accuracy can be
improved.

According to a third aspect, an uplink control signal
transmission apparatus 1s provided, including units config-
ured to perform steps of the uplink control signal transmis-
sion method according to any one of the first aspect or the
implementations of the first aspect.

According to a fourth aspect, an uplink control signal
transmission apparatus i1s provided, mncluding units config-
ured to perform steps of the uplink control signal transmis-
sion method according to any one of the second aspect or the
implementations of the second aspect.

According to a fifth aspect, an uplink control signal
transmission device 1s provided, including a memory and a
processor. The memory 1s configured to store a computer
program. The processor i1s configured to mvoke the com-
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puter program from the memory and run the computer
program, so that the first device performs the uplink control

signal transmission method according to any one of the first
aspect or the implementations of the first aspect.

According to a sixth aspect, an uplink control signal
transmission device 1s provided, including a memory and a
processor. The memory 1s configured to store a computer
program. The processor 1s configured to invoke the com-
puter program Iirom the memory and run the computer
program, so that the second device performs the uplink
control signal transmission method according to any one of
the second aspect or the implementations of the second
aspect.

According to a seventh aspect, a computer program
product 1s provided. The computer program product
includes computer program code. When a processing unit
and a sending unit or a processor and a transmitter of a
second device run the computer program code, a first device
1s caused to perform the uplink control signal transmission
method according to any one of the first aspect or the
implementations of the first aspect.

According to an eighth aspect, a computer program prod-
uct 1s provided. The computer program product includes
computer program code. When a receiving unit and a
processing unit or a receiver and a processor of a first device
run the computer program code, a second device 1s caused
to perform the uplink control signal transmission method
according to any one of the second aspect or the implemen-
tations of the second aspect.

According to a ninth aspect, a computer readable storage
medium 1s provided. The computer readable storage
medium stores a program, and the program enables a first
device to perform the uplink control signal transmission
method according to any one of the first aspect or the
implementations of the first aspect.

According to a tenth aspect, a computer readable storage
medium 1s provided. The computer readable storage
medium stores a program, and the program enables a second
device to perform the uplink control signal transmission
method according to any one of the second aspect or the

implementations of the second aspect.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic architectural diagram of a commu-
nications system according to this application;

FIG. 2 1s a schematic diagram of a relationship between
a transmission range ol an uplink control signal and a
quantity of symbols included according to this application;

FI1G. 3 1s a schematic flowchart of an uplink control signal
transmission method according to this application;

FIG. 4 1s a schematic diagram of uplink control signal
transmission for which M time domain resources are occu-
pied according to this application;

FIG. 5 1s a schematic diagram of an example of a type of
an uplink control signal transmission unit according to this
application;

FIG. 6 1s a schematic diagram of another example of a
type of an uplink control signal transmission unit according,
to this application;

FI1G. 7 1s a schematic diagram of still another example of
a type ol an uplink control signal transmission unit accord-
ing to this application;

FIG. 8 1s a schematic diagram of uplink control signal
transmission for which different symbols and different fre-
quency domain resources are occupied according to this
application;
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FIG. 9 1s a schematic block diagram of an uplink control
signal transmission apparatus according to this application;
and

FIG. 10 1s a schematic block diagram of an uplink control
signal transmission apparatus according to this application.

DESCRIPTION OF EMBODIMENTS

The following clearly and completely describes the tech-
nical solutions in this application with reference to the
accompanying drawings in this application.

Terms such as “component”, “module”, and “system”
used 1n this specification are used to represent computer-
related entities, hardware, firmware, combinations of hard-
ware and software, software, or software being executed.
For example, a component may include but 1s not limited to
a process that runs on a processor, a processor, an object, an
executable file, a thread of execution, a program, and/or a
computer. As shown 1n figures, both an application that runs
on a computing device and a computing device may be
components. One or more components may reside 1 a
process and/or a thread of execution, and a component may
be located on one computer and/or distributed between two
or more computers. In addition, these components may be
executed from various computer readable media that store
various data structures. The components may communicate,
for example, by using a local process and/or a remote
process and based on a signal having one or more data
packets (for example, data from two components interacting
with another component 1n a local system, a distributed
system, and/or a network, such as the Internet interacting
with another system by using a signal).

It should be understood that the technical solutions 1n this
application may be applied to various communications sys-
tems, for example, a Global System for Mobile Communi-
cations (Global System of Mobile communication, “GSM”
for short) system, a Code Division Multiple Access (Code
Division Multiple Access, “CDMA” for short) system, a
Wideband Code Division Multiple Access (Wideband Code
Division Multiple Access, “WCDMA”™ for short) system, a
general packet radio service (General Packet Radio Service,
“GPRS” for short), a Long Term Evolution (Long Term
Evolution, “L'TE” for short) system, a Long Term Evolution
Advanced (Advanced long term evolution, “LTE-A” for
short) system, a Universal Mobile Telecommunications Sys-
tem (Umversal Mobile Telecommunication System,
“UMTS” for short), a 5G new aitr interface communications
system (5G New Radio, “NR” for short), or a next-genera-
tion communications system.

A next-generation mobile communications system not
only supports conventional communication, but also sup-
ports, for example, machine-to-machine (Machine to
Machine, “M2M” for short) communication or vehicle to
vehicle (Vehicle to Vehicle, “V2V™ for short) communica-
tion. The M2M communication may also be referred to as
machine type communication (Machine Type Communica-
tion, “MTC” for short).

This application describes embodiments with reference to
a first device. The first device may also be referred to as user
equipment (User Equipment, “UE” for short) user equip-
ment, an access terminal, a subscriber unit, a subscriber
station, a mobile station, a mobile console, a remote station,
a remote terminal, a mobile device, a user terminal, a
terminal, a wireless communications device, a user agent, or
a user apparatus. The first device may be a station (Station,
“ST” for short) in a wireless local area network (Wireless

Local Area Networks, “WLAN” for short), or may be a
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cellular phone, a cordless phone, a Session Initiation Pro-
tocol (Session Initiation Protocol, “SIP” for short) phone, a
wireless local loop (Wireless Local Loop, “WLL” for short)
station, a personal digital processing (Personal Digital Assis-
tant, “PDA” for short) device, a handheld device with a
wireless communication function, a computing device,
another processing device connected to a wireless modem,
an 1n-vehicle device, a wearable device, a first device 1n a
next-generation communications system, such as a 5th Gen-
eration (fifth-generation, “5G” for short) network, a first
device 1 a future evolved public land mobile network
(Public Land Mobile Network, “PLMN” for short) network,
or the like.

In addition, this application describes the embodiments
with reference to a second device. The second device may be
a device, such as the second device, configured to commu-
nicate with a mobile device. The second device may be an
access point (ACCESS POINT, “AP” for short) n a WLAN,
a base transceiver station (Base Transceiver Station, “BTS”
for short) in GSM or CDMA, a NodeB (NodeB, “NB” for
short) in WCDMA, an evolved NodeB (Evolutional NodeB,
“eNB” or “eNodeB” for short) in LTE, a relay station, an
access point, an in-vehicle device, a wearable device, a
second device 1n a future 5G network, a second device 1n a
future evolved PLMN network, or the like.

A method and an apparatus that are provided in this
application may be applied to the first device or the second
device. The first device or the second device includes a
hardware layer, an operating system layer that runs above
the hardware layer, and an application layer that runs above
the operating system layer. The hardware layer includes
hardware such as a central processing unit (Central Process-
ing Unit, “CPU” for short), a memory management unit
(Memory Management Unit, “MMU” for short), and a
memory (also referred to as a main memory). The operating,
system may be any one or more computer operating systems
implementing service processing by using a process (Pro-
cess), for example, a Linux operating system, a Umx oper-
ating system, an Android operating system, an 10S operating
system, or a Windows operating system. The application
layer 1includes applications such as a browser, a contact list,
word processing software, and 1nstant messaging software.
In addition, 1n this application, a specific structure of an
execution body of a signal transmission method 1s not
particularly limited in this application, provided that com-
munication can be performed according to the signal trans-
mission method 1n this application by runming a program
that records code of the signal transmission method in this
application. For example, an execution body of a feedback
information transmission method 1n this application may be
the first device or the second device, or may be a function
module that 1s 1n the first device or the second device and
that can mvoke and execute the program.

In addition, aspects or features of this application may be
implemented as a method, an apparatus, or a product that
uses standard programming and/or engineering technolo-
gies. The term “product” used in this application covers a
computer program that can be accessed from any computer
readable device, carrier, or medium. For example, the com-
puter readable medium may include but 1s not limited to: a
magnetic storage device (for example, a hard disk, a floppy
disk, or a magnetic tape), an optical disc (for example, a
compact disc (Compact Disc, “CD” for short) or a digital
versatile disc (Digital Versatile Disc, “DVD” for short)), a
smart card, and a flash memory device (for example, an
erasable programmable read-only memory (Erasable Pro-

grammable Read-Only Memory, “EPROM” for short), a
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card, a stick, or a key drive). In addition, various storage
media described 1n this specification may represent one or
more devices and/or other machine-readable media config-
ured to store information. The term “machine-readable
media” may include but 1s not limited to a radio channel, and
various other media that can store, contain, and/or carry an
instruction and/or data.

FIG. 1 1s a schematic diagram of a communications
system to which an uplink control signal transmission
method and apparatus in this application are applicable. As
shown 1n FIG. 1, the communications system 100 includes
a second device 102. The second device 102 may include a
plurality of antennas, for example, an antenna 104, an
antenna 106, an antenna 108, an antenna 110, an antenna
112, and an antenna 114. In addition, the second device 102
may additionally include a transmitter link and a receiver
link. A person of ordinary skill 1n the art can understand that
both the transmitter link and the receiver link may include a
plurality of parts related to signal sending and recerving (for
example, a processor, a modulator, a multiplexer, a demodu-
lator, a demultiplexer, or an antenna).

The second device 102 may communicate with a plurality
of first devices (for example, a first device 116 and a first
device 122). However, 1t can be understood that the second
device 102 may communicate with any quantity of first
devices similar to the first device 116 or the first device 122.
The first device 116 and the first device 122 may be, for
example, cellular phones, smartphones, portable computers,
handheld communications devices, handheld computing
devices, satellite radio apparatuses, global positioning sys-
tems, PDAs, and/or any other proper devices used {for
communication in the wireless communications system 100.

As shown 1n FIG. 1, the first device 116 communicates
with the second device 102. In this case, the antenna 112 and
the antenna 114 send information to the first device 116 over
a forward link 118, and receive information from the first
device 116 over a reverse link 120. In addition, the first
device 122 communicates with the second device 102. In
this case, the antenna 104 and the antenna 106 send infor-
mation to the first device 122 over a forward link 124, and
receive information from the first device 122 over a reverse
link 126.

For example, 1n a frequency division duplex (Frequency
Division Duplex, “FDD” for short) system, for example,
frequency bands used by the forward link 118 and the
reverse link 120 are different, and frequency bands used by
the forward link 124 and the reverse link 126 are different.

For another example, 1 a time division duplex (Time
Division Duplex, “TDD” for short) system and a full duplex
(Full Duplex) system, frequency bands used by the forward
link 118 and the reverse link 120 may be the same, and
frequency bands used by the forward link 124 and the
reverse link 126 may be the same.

Each antenna (or antenna group including a plurality of
antennas) and/or area designed for communication are/is
referred to as a sector of the second device 102. For
example, the antenna group may be designed to communi-
cate with the first device 1n the sector of a coverage area of
the second device 102. In a process in which the second
device 102 communicates with the first device 116 and the
first device 122 by using the forward link 118 and the
forward link 124, respectivelyj a transmit antenna of the
second device 102 may increase signal-to-noise ratios of the
forward link 118 and the forward link 124 through beam-
forming. In addition, compared with a manner in which the
second device sends, by using a single antenna, a signal to
all first devices corresponding to the second device, inter-
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ference to a mobile device 1n a neighboring cell 1s relatively
small when the second device 102 sends, through beam-
forming, a signal to the first device 116 and the first device
122 that are randomly distributed 1n a related coverage area.

At a specified time, the second device 102, the first device
116, or the first device 122 may be a wireless communica-
tion sending apparatus and/or a wireless communication
receiving apparatus. When sending data, the wireless com-
munication sending apparatus may encode the data for
transmission. Specifically, the wireless communication
sending apparatus may obtain a specific quantity of data bits
that are to be sent to the wireless communication receiving,
apparatus through a channel (for example, the specific
quantity of data bits are generated, are received from another
communications apparatus, or are stored in a memory). Such
data bits may be included 1n a transport block (or a plurality
of transport blocks) of the data, and the transport block may
be segmented to generate a plurality of code blocks.

In addition, the communications system 100 may be a
PLMN network, a D2D network, an M2M network, or
another network. FIG. 1 1s merely a simplified schematic
diagram used as an example. The network may further
include another second device, which 1s not shown 1n FIG.
1.

It should be noted that, 1n this application, the sending
device may be the second device 102 or may be the first
device (for example, the first device 116 or the first device
122). Correspondingly, a recerving device may be the first
device (for example, the first device 116 or the first device
122) or may be the second device 102. This 1s not particu-
larly limited 1n this application.

In an existing Long Term Evolution (Long Term Evolu-
tion, “LTE” for short) system, an uplink control channel
occupies, 1n Irequency domain, two ends of a frequency
band corresponding to an uplink timeslot, and occupies, at
cach of the two ends, some of frequency domain resources
of a physical resource block (Physical Resource Block,
“PRB” for short); and occupies 14 symbols 1n time domain,
where duration of each symbol 1s 1 ms. It can be learned that
a time domain resource and a frequency domain resource
that are occupied by the uplink control channel are both
fixed. However, 1n future 5th Generation mobile communi-
cations (5th-Generation, “5G” for short), not every timeslot
or subframe includes 14 symbols for an uplink control
channel, and due to a change of a subcarrier spacing, not
every timeslot or subirame has duration of 1 ms. Therefore,
in a timeslot including fewer than 14 symbols, when dura-
tion of the corresponding timeslot 1s less than 1 ms, a
transmission range ol uplink control signal transmission by
user equipment (User Equipment, “UE” for short) cannot be
ensured.

During uplink control signal transmission, a relationship
between a quantity of symbols included 1n an uplink control
signal and a transmission range of the uplink control signal
1s shown 1n FIG. 2. It can be learned that, when the quantity
of symbols 1included 1n the uplink control signal increases,
the transmission range of the uplink control signal also
1ncreases.

FI1G. 3 1s a schematic flowchart of an uplink control signal
transmission method according to an embodiment of this
application. A first device 1n FIG. 3 may be the first device
116 and the first device 122 1n FIG. 1, and a second device
in FIG. 3 may be the second device 102 1n FIG. 1. Certainly,
in an actual system, a quantity of second devices and a
quantity of first devices may not be limited to an example 1n
this embodiment or another embodiment, and this 1S not
repeated 1n the following.
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210: The first device determines a first quantity of sym-
bols.

Optionally, the first device determines a first measurement
result based on a first reference signal sent by the second
device, and determines the first quantity of symbols based on
the first measurement result.

Optionally, the first quantity of symbols 1s associated with
channel quality of a channel between the terminal device
and the network device.

Specifically, 1n this application, the first device receives
the first reference signal sent by the second device. The first
reference signal may be at least one of a cell-specific
reference signal (Cell-specific Reference Signals, “CRS” for
short), a UE-specific reference signal (UE-specific Refer-
ence Signals, “URS” for short), a demodulation reference
signal (Demodulation Retference Signals, “DRS” for short),
an MBSFEN reference signal (Multimedia Broadcast multi-
cast service Single Frequency Network Reference Signals,
“MBSFN-RS” for short), a positioning reference signal
(Positioning Reference Signals, “PRS” for short), and a CSI
reference signal (CSI Reference Signals, “CSI-RS” for
short). The first device measures the first reference signal, to
obtain the first measurement result of the first reference
signal. The first measurement result 1s associated with
channel quality of a channel between the first device and the
second device. The first measurement result may be at least
one of receive power (Reference Signal Receiving Power,
“RSRP” {for short), receive quality (Reference Signal
Receiving Quality, “RSRQ” for short), or receive strength
(Recerved Signal Strength Indicator, “RSSI” for short). The
first device determines, based on the first measurement
result, a channel quality status, of the channel between the
first device and the second device, corresponding to the first
measurement result, and determines the corresponding first
quantity of symbols based on the channel quality status of
the channel between the first device and the second device.
In this way, when the first device transmits an uplink control
signal by using the first quantity of symbols, the second
device can normally recerve the uplink control signal. This
satisfies a power requirement for uplink control signal
transmission between the first device and the second device.
To be specific, this can satisfy a transmission range of the
uplink control signal.

It should be understood that, 1n this application, a method
for determining the first quantity of symbols 1s described
only by using an example in which the first device deter-
mines the first quantity of symbols based on the first
reference signal. However, this application 1s not limited
thereto. Alternatively, the first quantity of symbols may be
determined by using another method.

Optionally, in this application, the first device receives
first information sent by the second device, where the first
information 1s used to indicate a mapping relationship
between the first measurement result and the first quantity of
symbols; and the first device determines the first quantity of
symbols based on the mapping relationship and the first
measurement result.

Specifically, 1n this application, the first device receives
the first mnformation sent by the second device, where the
first information 1s used to indicate a mapping relationship
between a plurality of measurement results including the
first measurement result and a plurality of quantities of
symbols including the first quantity of symbols. The first
information may be a mapping relationship table indicating
the mapping relationship between the plurality of measure-
ment results and the plurality of quantities of symbols, or a
mapping relationship formula x=1(y), where x 1s a quantity




US 10,904,867 B2

13

of symbols and y 1s a measurement result. The measurement
result y 1s substituted into the formula x=1(y), to obtain the
first quantity of symbols through calculation. For example,
when vy 1s equal to I,, the first quantity of symbols x=4 1s
obtained through calculation by using the formula. The
mapping relationship table 1s shown in Table 1. The first
device searches, based on the mapping relationship table and
by searching the table, the mapping relationship table for a
quantity of symbols that 1s corresponding to the first mea-
surement result, and uses the quantity of symbols that 1s
corresponding to the first measurement result, as the first
quantity of symbols. For example, when a value of the first
measurement result 1s 15 1n the table, a quantity of symbols,
7, 1n the table 1s determined as the first quantity of symbols.

TABLE 1

Measurement result Quantity of symbols

—
L
-1

It should be understood that, 1n this application, a corre-
spondence between values of a measurement result and a
quantity of symbols 1n Table 1 1s merely used as an example
for description. A correspondence between specific values 1s
not limited to the values listed 1n Table 1.

It should be further understood that, 1n this application,
the mapping relationship table or the mapping relationship
formula 1s merely used as an example for describing the
mapping relationship between the plurality of measurement
results and the plurality of quantities of symbols. However,
this application 1s not limited thereto. Alternatively, the
mapping relationship between the plurality of measurement
results and the plurality of quantities of symbols may be
described in another manner.

Optionally, the first device recerves third information sent
by the second device, where the third mnformation 1s used to
indicate the first quantity of symbols; and the first device
determines the first quantity of symbols based on the third
information.

Specifically, 1in this application, the first device may send
a second reference signal to the second device, so that the
second device measures the quality of the channel between
the first device and the second device based on the second
reference signal, to determine a second measurement result,
and determines the first quantity of symbols based on the
second measurement result. The second reference signal
includes at least one of a sounding reference signal (Sound-
ing Reference Signal, “SRS” for short) and a demodulation
reference signal (Demodulation Reference Signal, “DMRS™
tor short). The second device measures the channel quality
ol the channel between the first device and the second device
based on the second reference signal, to determine the
second measurement result. The second device may alter-
natively measure UE location information, to determine the
second measurement result. The second measurement result
may be at least one of receive power (Reference Signal
Receiving Power, “RSRP” for short), receive quality (Ret-
erence Signal Receiving Quality, “RSRQ” for short), or
receive strength (Received Signal Strength Indicator,
“RSSI” for short). The second device determines the first
quantity of symbols based on the second measurement
result. The first device receives the third information sent by
the second device, where the third information 1s used to
indicate the first quantity of symbols to the first device; and

10

15

20

25

30

35

40

45

50

55

60

65

14

the first device determines the first quantity of symbols
based on the third information. The third information may be
sent by the second device to the first device by using at least
one of downlink control information (Downlink Control
Information, “DCI” for short), radio resource control (Radio
Resource Control, “RRC” for short) signaling, and broadcast
information.

It should be understood that, 1n this application, that the
second device sends the third information to the first device
by using the downlink control information DCI, the RRC
configuration signaling, or the broadcast information 1is
merely used as an example. However, this application 1s not
limited thereto. Alternatively, the second device may send
the third control information to the first device by using
other information.

Optionally, content included in the third information 1s
information about a resource for sending an uplink control
signal by the first device. For example, the resource may be
one or more subiframes or one or more timeslots. A quantity
of uplink transmission symbols included in the resource 1s
the first quantity of symbols.

220: The first device sends an uplink control signal on at
least one resource based on the first quantity of symbols,
where a quantity of symbols included 1n the uplink control
signal 1s a second quantity of symbols, and the second
quantity of symbols 1s greater than or equal to the first
quantity of symbols.

Specifically, that the first device sends an uplink control
signal to the second device on at least one resource based on
the determined first quantity of symbols means that the first
device may send the uplink control signal on only one
resource or may send the uplink control signal on a plurality
of resources. The quantity of symbols included 1n the uplink
control signal 1s the second quantity of symbols, and the
second quantity of symbols 1s greater than or equal to the
first quantity of symbols. Sending the uplink control signal
on a plurality of resources is to ensure that, when a quantity
of symbols 1ncluded in a resource 1s less than the first
quantity of symbols, an uplink control signal power require-
ment of a transmission channel between the second device
and the first device 1s satisfied by transmitting the uplink
control signal on a plurality of resources.

Optionally, the first device determines a first time domain
resource, and sends the uplink control signal in some or all
of uplink transmission symbols that are located 1n the first
time domain resource and after the first time domain
resource.

Specifically, that the first device determines a first time
domain resource means that the first device determines a
start subiframe or timeslot for sending the uplink control
signal; and starting from the start subirame or timeslot, the
first device sends the uplink control signal 1n some or all of
the uplink transmission symbols that are located 1n the first
time domain resource and after the first time domain
resource.

For example, the first device may start sending the uplink
control signal from an (n+k)” subframe or timeslot, where n
1s a number of a subirame or timeslot for sending downlink
data by the second device to the first device, and k 1s a
nonnegative integer. The first device receives, in an n”
subirame or timeslot, the downlink data sent by the second
device. When k 1s equal to 0, the first time domain resource
for sending the uplink control signal is the n” subframe or
timeslot for receiving the downlink data by the first device.
Starting from the n” subframe or timeslot, the first device
sends, in some or all of symbols that are in the n” subframe
or timeslot and a subframe or timeslot after the n” subframe
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or timeslot and 1n which uplink control signal transmission
1s allowed, the uplink control signal corresponding to the
downlink data receirved by the first device, until sending of
the uplink control signal 1s completed. When k 1s greater
than 0, the first time domain resource for sending the uplink
control signal 1s a subirame or timeslot after the subirame or
timeslot for receiving the downlink data by the first device.
Starting from the (n+k)” subframe or timeslot, the first
device sends, in some or all of symbols that are in the (n+k)”
subirame or timeslot and a subsequent subirame or timeslot
and 1 which uplink control signal transmission 1s allowed,
the uplink control signal corresponding to the downlink data
received by the first device, until sending of the uplink
control signal 1s completed. To be specific, the first device
may send, starting from the (n+k)” subframe or timeslot, in
all of the symbols that are in the (n+k)” subframe or timeslot
and the subsequent subirame or timeslot and in which uplink
control signal transmission 1s allowed, the uplink control
signal corresponding to the downlink data received by the
first device; or may send, starting from the (n+k)” subframe
or timeslot, in only some of the symbols that are in the
(n+k)” subframe or timeslot and the subsequent subframe or
timeslot and 1n which uplink control signal transmission 1s
allowed, the uplink control signal corresponding to the
downlink data received by the first device. This 1s not limited
in this application.

It should be understood that, when the first device sends
the uplink control signal on the first time domain resource
and a resource after the first time domain resource, one or
more time domain resources may be occupied for sending
the uplink control signal. The plurality of time domain
resources may be consecutive time domain resources, or
may be nonconsecutive time domain resources. This 1s not
limited 1n this application.

Optionally, the first device sends the uplink control signal
on at least one of time domain resources that are at the first
time domain resource and after the first time domain
resource.

Specifically, that the first device determines a {first time
domain resource means that the first device determines a
start subframe or timeslot for sending the uplink control
signal; and starting from the start subirame or timeslot, the
first device sends the uplink control signal on the at least one
of the time domain resources that are at the first time domain
resource and after the first time domain resource.

For example, the first device may start sending the uplink
control signal from an (n+k)” subframe or timeslot, and
complete sending the uplink control signal 1n one subiframe
or timeslot, where n 1s a number of a subiframe or timeslot
for sending downlink data by the second device to the first
device, and k 1s a nonnegative integer. The first device
receives, in an n” subframe or timeslot, the downlink data
sent by the second device. When k 1s equal to 0, the first
device completes sending the uplink control signal in the n™
subirame or timeslot for receiving the downlink data or 1n
one subframe or timeslot after the n” subframe or timeslot.
When k 1s greater than 0, the first device completes sending
the uplink control signal in the (n+k)” subframe or timeslot
or one subframe or timeslot after the (n+k)” subframe or
timeslot.

Optionally, the first device receives fourth information
sent by the second device, where the fourth information 1s
used to indicate a location of the first time domain resource.

Specifically, the first device receives the fourth informa-
tion sent by the second device, where the fourth information
1s used to indicate, to the first device, the location of the first
time domain resource for sending the uplink control signal;

10

15

20

25

30

35

40

45

50

55

60

65

16

and the first device determines, based on the fourth infor-
mation, the location of the first time domain resource for
sending the uplink control signal. For example, the fourth
information includes a subirame or timeslot number of the
first time domain resource for sending the uplink control
signal by the first device. The first device determines, based
on the fourth information, to start sending the uplink control
signal from an (n+k)” subframe or timeslot.

Optionally, the second device may send the fourth infor-
mation to the first device 1n at least one of the following
manners: downlink control signaling, RRC signaling, broad-
cast signaling, or preconfiguration.

It should be understood that, 1n this application, the
foregoing several sending manners are merely used as
examples for describing a sending manner of the fourth
information. However, this application 1s not limited thereto.

It should be further understood that, 1n this application,
that the fourth information 1s used to indicate the location of
the first time domain resource 1s merely used as an example
for describing a function of the fourth information. How-
ever, this application i1s not limited thereto.

Optionally, the first device determines M time domain
resources, where Mz=1.

The first device sends the uplink control signal 1n some or
all of symbols included in the M time domain resources.

For example, the first device may start sending the uplink
control signal from an (n+k)” subframe or timeslot, and
complete sending the uplink control signal at an end of an
(n+m)” subframe or timeslot. Some or all of the symbols in
the M time domain resources are occupied for sending the
uplink control signal, where n 1s a number of a subirame or
timeslot for recerving, by the first device, downlink data sent
by the second device, k 1s a nonnegative integer, and m 1s a
positive iteger. The first device starts receiving the down-
link data in an n” subframe or timeslot. When k is equal to
0, as shown i FIG. 4, the first device starts sending the
uplink control signal in the n” subframe or timeslot, and
completes sending the uplink control signal at an end of the
(n+m)” subframe or timeslot. In this case, the first device
occupies a total of M (M=m+1) subirames or timeslots to
complete sending the uplink control signal. When m 1s equal
to 2, 1t indicates that the first device occupies a total of three
subframes or timeslots to complete sending the uplink
control signal. When k 1s greater than O, the first device starts
sending the uplink control signal in the (n+k)” subframe or
timeslot, and completes sending the uplink control signal at
an end of the (n+m)” subframe or timeslot. In this case, the
first device occupies a total of M (M=m+1-k) subirames or
timeslots to complete sending the uplink control signal.

Optionally, when M 1s greater than 1, the first device
sends the uplink control signal on at least one of the M time
domain resources.

Specifically, when M 1s greater than 1, 1t indicates that
there 1s more than one available resource for sending the
uplink control signal, and the first device may send the
uplink control signal on the plurality of time domain
resources, or may send the uplink control signal on only one
of the plurality of time domain resources.

It should be understood that the M time domain resources
may be consecutive time domain resources, or may be
nonconsecutive time domain resources. This 1s not limited in
this application.

Optionally, the first device determines a transmission unit
for transmitting the uplink control signal, and transmits the
uplink control signal in the uplink control signal transmis-
s10n unit.
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For example, one uplink control signal transmission unit
includes M subframes or timeslots, and Mz=1. The first
device completes sending the uplink control signal in one
uplink control signal transmission unit. As shown 1n FIG. 5,
one uplink control signal transmission unit includes one
timeslot, and each of a timeslot 1, a timeslot 2, a timeslot 3,
and a timeslot 4 1s an uplink control signal transmission unit.
In this case, the first device completes sending the uplink
control signal 1n all or some of uplink transmission symbols
in one uplink control signal transmission unit. As shown 1n
FIG. 6, one uplink control signal transmission unit includes
two timeslots; a timeslot 1 and a timeslot 2 are used as a first
uplink control signal transmission unit, and a timeslot 3 and
a timeslot 4 are used as a second uplink control signal
transmission unit. In this case, the first device completes
sending the uplink control signal 1n all or some of uplink
transmission symbols 1n the determined first uplink control
signal transmission unit or second uplink control signal
transmission unit. As shown 1n FIG. 7, one uplink control
signal transmission unit includes four timeslots, and a
timeslot 1, a timeslot 2, a timeslot 3, and a timeslot 4
together constitute one uplink control signal transmission
unit. In this case, the first device completes sending the
uplink control signal in all or some of uplink transmission
symbols 1n the determined one uplink control signal trans-
mission umnit.

It should be understood that, in this application, the
foregoing several types of uplink control signal transmission
units are merely used as examples for describing a type of
the uplink control signal transmission unit. However, this
application 1s not limited thereto. The uplink control signal
transmission unit may alternatively have another type.

It should be further understood that, 1n this application,
consecutive timeslots are merely used as an example for
describing the type of the uplink control signal transmission
unit. However, this application 1s not limited thereto. The
uplink control signal transmission unit may alternatively
include nonconsecutive subirames or timeslots.

It should be further understood that a type of a subframe
or timeslot included in the uplink control signal transmission
unit 1s not limited in this application. The subiframe or
timeslot included in the uplink control signal transmission
unit may be a mainly-used-for-downlink subirame or
timeslot, may be a mainly-used-for-uplink subirame or
timeslot, or may be an uplink subframe or timeslot.

Optionally, the first device receives fifth information sent
by the second device, where the fifth information 1s used to
indicate at least one of the M time domain resources.

Specifically, the first device receives the fifth information
sent by the second device, where the fifth information 1s
used to indicate at least one of the M time domain resources.
For example, the fifth information may indicate one of the
M time domain resources, and the first device determines,
based on the fifth information, a location of a start time
domain resource for sending the uplink control signal, and
sends, starting from the start time domain resource, the
uplink control signal on M time domain resources after the
start ttme domain resource. For another example, the fifth
information may indicate each or some of the M time
domain resources. For example, the fifth information may
indicate a number of a subiframe or a timeslot in each or
some of the M time domain resources, and the first device
sends the uplink control signal on all or some of the M time
domain resources based on the fifth information.

Optionally, the second device may send the fifth infor-
mation to the first device 1n at least one of the following
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manners: downlink control signaling, RRC signaling, broad-
cast signaling, or preconfiguration.

Optionally, 1 this application, a location of the first time
domain resource for sending the uplink control signal by the
first device and the location of the first time domain resource
for recerving the uplink control signal by the second device
may be preconfigured by a system. In addition, a location of
the M time domain resources occupied for sending the
uplink control signal by the first device and the location of
the M time domain resources occupied for receiving the
uplink control signal by the second device may also be
preconfigured by the system. Before the first device sends
the uplink control signal, a start location of a time domain
resource for uplink control signal transmission between the
first device and the second device or the location of the M
time domain resources occupied by the uplink control signal
1s already preconfigured by the system, and the start location
of the time domain resource for uplink control signal trans-
mission does not need to be indicated to the peer end. For
example, the location of the first time domain resource
preconfigured by the system is an (n+k)” subframe or
timeslot. In this case, the first device starts sending the
uplink control signal from the (n+k)” subframe or timeslot,
and the second device starts receiving the uplink control
signal from the (n+k)” subframe or timeslot. For another
example, the M time domain resources preconfigured by the
system are M (M=m-k) subirames or timeslots between the
(n+k)” subframe or timeslot and an (n+m)” subframe or
timeslot. In this case, the first device sends the uplink control
signal in a subframe or timeslot between the (n+k)” sub-
frame or timeslot and the (n+m)” subframe or timeslot, and
the second device receives the uplink control signal 1n the
subframe or timeslot between the (n+k)” subframe or
timeslot and the (n+m)” subframe or timeslot.

Optionally, the first device sends second information to
the second device before sending the uplink control signal,
where the second information 1s used to indicate the quantity
of symbols mcluded 1n the uplink control signal.

Specifically, the first device first sends the second infor-
mation to the second device belore sending the uplink
control signal to the second device, where the second
information 1s used to indicate, to the second device, the
quantity of symbols included 1n the to-be-sent uplink control
signal, that 1s, the second quantity of symbols. The second
device determines, based on the second information, the
quantity of symbols included in the uplink control signal to
be sent by the first device, so that the second device recerves,
more purposeiully, the uplink control signal sent by the first
device. This improves accuracy and reliability of receiving
the uplink control signal by the second device.

It should be understood that, in this application, the
foregoing case in which the first device indicates, to the
second device, the quantity of symbols included in the
to-be-sent uplink control signal 1s merely an example. The
quantity of symbols included 1n the to-be-sent uplink control
signal may alternatively be indicated in another manner. For
example, the second device 1tself determines the quantity of
symbols included in the to-be-sent control signal, and then
indicates the quantity of symbols to the first device 1n a
specific manner; or the quantity of symbols may be indicated
according to a system stipulation, provided that both the first
device and the second device learn about the quantity of
symbols. This 1s not limited 1n this application.

Optionally, when sending the uplink control signal, the
first device may repeatedly send an uplink control signal 1n
a plurality of symbols 1n a subframe or timeslot, where the
uplink control signal 1s repeatedly sent once in each symbol
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or a plurality of symbols. Alternatively, the first device may
send an uplink control signal after performing joint coding
in a plurality of occupied symbols.

Optionally, the first device may send the uplink control
signal by occupying different frequency resources corre-
sponding to different symbols.

Specifically, the first device may send the uplink control
signal by occupyving different frequency resources corre-
sponding to different symbols, to obtain a greater frequency
diversity gain. For example, as shown in FIG. 8, the first
device sends the uplink control signal by occupying seven
symbols on a time domain resource. For three of the seven
symbols, a first frequency resource may be occupied for
sending the uplink control signal. For the remaining four
symbols, a second frequency resource may be occupied for
sending the uplink control signal.

It should be understood that, in this application, the
foregoing resource allocation method during uplink control
signal sending 1s merely used as an example for describing
a method for increasing a frequency diversity gain. How-
ever, this application i1s not limited thereto.

Optionally, the second device indicates, to the first device,
a frequency domain resource for sending the uplink control
signal.

Specifically, the second device indicates, in an explicit
indication manner to the first device, the frequency domain
resource for sending the uplink control signal. For example,
the second device indicates a start location of a physical

resource block (Physical Resource Block, “PRB” for short)

and a quantity of occupied PRBs to the first device, so that
the first device sends the uplink control signal on a corre-
sponding PRB based on indication information of the second
device. The explicit indication manner may be sending an
indication 1n at least one of the following manners: downlink
control signaling, RRC signaling, or broadcast signaling, or
a location of the corresponding PBR may be preconfigured
by the system in a preconfiguration manner. Alternatively,
the second device may indicate, in an implicit indication
manner to the first device, the frequency domain resource for
sending the uplink control signal. The second device

obtains, through calculation by using a time-frequency
domain resource occupied by corresponding downlink con-
trol signaling or downlink data, the frequency domain
resource for sending the corresponding uplink control sig-
nal. For example, the calculation i1s performed by using an
index of a time domain or frequency domain resource
occupied by a downlink control channel, or the calculation
1s performed by using an index of a time domain or
frequency domain resource occupied by the downlink data.
During the implicit calculation, a quantity of symbols occu-
pied by the uplink control signal may also be used as a
parametric value of a calculation formula. The quantity of
symbols may be determined by the first device and then sent
to the second device, or may be determined by the second
device 1tsell.

It should be understood that, 1n this application, the two
indication manners, explicit indication and 1mplicit indica-
tion, are merely used as examples for describing indication
sending of the frequency domain resource for sending the
uplink control signal. However, this application 1s not lim-
ited thereto.

Optionally, the first device determines a first resource, and
the first device sends the uplink control signal on the first
resource, where the first resource includes a time domain
resource and/or a frequency domain resource.
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The first device determines a time domain resource and/or
a Ifrequency domain resource for an uplink control channel
included 1n each subirame or timeslot.

Specifically, the first device determines the first resource,
where the first resource includes the time domain resource
and/or the frequency domain resource used for uplink con-
trol signal transmission. The first device may receive down-
link control signaling sent by the second device, where the
downlink control signaling 1s used to indicate a time domain
resource and/or a frequency domain resource for an uplink
control channel included in a current subirame or timeslot.
Alternatively, the first device receives broadcast signaling or
RRC signaling sent by the second device, where the broad-
cast signaling or the RRC signaling 1s used to indicate a time
domain resource and/or a frequency domain resource for an
uplink control channel included 1n each subirame or timeslot
within a period of time. For example, the broadcast signaling
or the RRC signaling may indicate a pattern of a time-
frequency domain resource occupied by the uplink control
channel. Alternatively, the second device preconfigures a
time domain resource and/or a frequency domain resource
for an uplink control channel included 1n each subirame or
timeslot. For example, a frequency domain resource precon-
figured by the second device for an uplink control channel
included in seven symbols or 14 symbols of one subirame
occupies one physical resource block PRB on each of two
ends of system bandwidth. The first device sends the uplink
control signal on a time domain resource and/or a frequency
domain resource on which uplink control signal transmis-
sion 1s allowed, and another time domain resource and/or
frequency domain resource that are/is not used for uplink
control signal transmission may be used for uplink data
transmission.

It should be understood that, 1n this application, the
foregoing method for indicating a time domain resource
and/or a frequency domain resource for an uplink control
channel included in each subframe or timeslot 1s merely an
example, and a time domain resource and/or a frequency
domain resource for an uplink control channel included 1n
cach subirame or timeslot may alternatively be indicated 1n
another manner. For example, the first device may determine
a time domain resource and/or a frequency domain resource
for an uplink control channel included 1n each subirame or
timeslot, and then indicate the time domain resource and/or
the frequency domain resource to the second device; alter-
natively, the time domain resource and/or the frequency
domain resource may be indicated according to a system
stipulation, provided that both the second device and the first
device learn about the time domain resource and/or the
frequency domain resource. This 1s not limited in this
application.

230: The second device receives, on the at least one
resource, the uplink control signal that 1s sent by the first
device based on the first quantity of symbols, where the
quantity of symbols included 1n the uplink control signal 1s
the second quantity of symbols, and the second quantity of
symbols 1s greater than or equal to the first quantity of
symbols.

Specifically, the second device may start receiving, from
the location of the first time domain resource, the uplink
control signal sent by the first device, until receiving of the
uplink control signal 1s completed. Alternatively, the second
device may receive, in some or all of uplink transmission
symbols 1n M subirames or timeslots, the uplink control
signal sent by the first device. Alternatively, the second
device may receive, 1n an uplink control signal transmission
unmt, the uplink control signal sent by the first device.
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Alternatively, the second device may receive, 1n one sub-
frame or timeslot, the uplink control signal sent by the first
device.

In this application, when the first device sends the uplink
control signal to the second device, the quantity of symbols
included 1n the to-be-transmitted uplink control signal is
made corresponding to the channel quality of the channel
between the first device and the second device. This can
ensure that the uplink control signal can satisiy a sending
power requirement. In this way, reliability of uplink control
signal transmission between the second device and the first
device can be ensured on a basis of flexibility determining
the quantity of symbols used to transmit the uplink control
signal. Further, a waste of communications resources can be
avoilded, and communication reliability and accuracy can be
improved.

FIG. 9 1s a schematic block diagram of an uplink control
signal transmission apparatus 300 according to this appli-
cation. The uplink control signal transmission apparatus 300
may be corresponding to the first device described 1n the
foregoing system 100 or method 200. In addition, modules
or units 1n the uplink control signal transmission apparatus
300 are configured to perform actions or processing pro-
cesses performed by the first device in the foregoing system
100 or method 200. Details are omitted herein to avoid
repetition.

In this application, the apparatus 300 may include a
processor and a transceiver. The processor 1s connected to
the transcerver. Optionally, the device further includes a
memory, and the memory 1s connected to the processor.
Further optionally, the device includes a bus system. The
processor, the memory, and the transceiver may be con-
nected to each other by using the bus system. The memory
may be configured to store an instruction. The processor 1s
configured to execute the instruction stored in the memory,
to control the transceiver to send or recerve information or
a signal.

A determining unit in the apparatus 300 shown 1n FIG. 9
may be corresponding to the processor, and a sending unit in
the apparatus 300 shown in FIG. 9 may be corresponding to
the transceiver.

FIG. 10 1s a schematic block diagram of a communica-
tions apparatus 400 according to this application. The wire-
less communications apparatus 400 may be corresponding to
the second device described 1n the foregoing system 100 or
method 200. In addition, modules or units 1n the wireless
communications apparatus 400 are configured to perform
actions or processing processes performed by the second
device 1n the foregoing system 100 or method 200. Details
are omitted herein to avoid repetition.

In this application, the apparatus 400 may include a
processor and a transceiver. The processor 1s connected to
the transceiver. Optionally, the device further includes a
memory, and the memory 1s connected to the processor.
Further optionally, the device includes a bus system. The
processor, the memory, and the transceiver may be con-
nected to each other by using the bus system. The memory
may be configured to store an instruction. The processor 1s
configured to execute the mnstruction stored in the memory,
to control the transceiver to send or receive information or
a signal.

A recerving unit in the apparatus 400 shown i FIG. 10
may be corresponding to the transceiver, and a determining,
unit in the apparatus 400 shown 1n FIG. 10 may be corre-
sponding to the processor.

It should be noted that the foregoing method embodiment
of this application may be applied to a processor or 1imple-
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mented by a processor. The processor may be an integrated
circuit chip and has a signal processing capability. In an
implementation process, the steps in the foregoing method
embodiment may be completed by using an integrated logic
circuit of hardware in the processor or by using an instruc-
tion 1n a form of soitware. The processor may be a general
purpose processor, a digital signal processor (Digital Signal
Processor, “DSP” for short), an application-specific inte-
grated circuit (Application Specific Integrated Circuit,
“ASIC” for short), a field programmable gate array (Field
Programmable Gate Array, “FPGA” for short) or another
programmable logic device, a discrete gate or a transistor
logic device, or a discrete hardware component. The pro-
cessor can implement or perform the method, steps, and
logical block diagrams that are disclosed in this application.
The general purpose processor may be a microprocessor, or
the processor may be any conventional processor or the like.
The steps of the method disclosed with reference to this
application may be directly performed by a hardware decod-
Ing processor, or may be performed by using a combination
of hardware 1n a decoding processor and a software module.
The software module may be located 1n a storage medium
that 1s mature 1n the art, such as a random access memory,
a flash memory, a read-only memory, a programmable
read-only memory, an electrically erasable programmable
memory, or a register. The storage medium 1s located 1n a
memory. The processor reads information in the memory,
and completes the steps of the foregoing method 1n combi-
nation with the hardware of the processor.

It can be understood that the memory in this application
may be a volatile memory or a nonvolatile memory, or may
include both a volatile memory and a nonvolatile memory.
The nonvolatile memory may be a read-only memory (Read-
Only Memory, “ROM” for short), a programmable ROM
(Programmable ROM, “PROM” for short), an erasable
programmable read only memory (Erasable PROM,
“EPROM?” for short), an electrically erasable programmable
read-only memory (Electrically EPROM, “EEPROM” for
short), or a flash memory. The volatile memory may be a
random access memory (Random Access Memory, “RAM”
for short), and 1s used as an external cache. As an example
rather than a limitation, many forms of RAMSs are available,
for example, a static random access memory (Static RAM,
“SRAM” for short), a dynamic random access memory
(Dynamic RAM, “DRAM” for short), a synchronous
dynamic random access memory (Synchronous DRAM,
“SDRAM” for short), a double data rate synchronous
dynamic random access memory (Double Data Rate
SDRAM, “DDR SDRAM?” for short), an enhanced synchro-
nous dynamic random access memory (Enhanced SDRAM,
“BESDRAM” for short), a synchlink DRAM (Synchlink
DRAM, “SLDRAM?” for short), and a direct memory bus
random access memory (Direct Rambus RAM, “DR RAM”
for short). It should be noted that the memory 1n the system
and method described 1n this specification 1s intended to
include but 1s not limited to these memories and any other
appropriate type ol memory.

It should be understood that the term “and/or” in this
specification 1s merely an association relationship for
describing associated objects, and indicates that three rela-
tionships may exist. For example, A and/or B may represent
the following three cases: Only A exists, both A and B exist,
and only B exists. In addition, the character */” in this
specification usually indicates that there 1s an “or” relation-
ship between former and latter associated objects.

It should be understood that, in the embodiments of this
application, sequence numbers of the foregoing processes do
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not indicate an execution sequence. An execution sequence
of the processes should be determined based on functions
and internal logic of the processes, but should not constitute
any limitation on implementation processes of this applica-
tion.

A person of ordinary skill in the art may be aware that
units and algorithm steps 1n examples described with refer-
ence to the embodiments disclosed in this specification can
be implemented by electronic hardware or a combination of
computer software and electronic hardware. Whether the
functions are performed by hardware or software depends on
specific applications and design constraints of the technical
solutions. A person skilled in the art may use different
methods to implement the described functions for each
specific application, but 1t should not be considered that such
an 1mplementation goes beyond the scope of this applica-
tion.

It can be clearly understood by a person skilled 1n the art
that, for ease and brevity of description, for detailed working,
processes of the foregoing systems, apparatuses, and units,
reference may be made to corresponding processes in the
toregoing method embodiment, and details are not described
herein again.

In the several embodiments provided 1n this application,
it should be understood that the disclosed system, appara-
tuses, and method may be implemented 1n other manners.
For example, the described apparatus embodiments are
merely examples. For example, the unit division 1s merely
logical function division and may be other division 1n actual
implementation. For example, a plurality of units or com-
ponents may be combined or may be integrated into another
system, or some features may be 1gnored or not performed.
In addition, the displayed or discussed mutual couplings,
direct couplings, or communication connections may be
implemented by using some interfaces. The indirect cou-
plings or communication connections between the appara-
tuses or units may be implemented 1n electrical, mechanical,
or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may
not be physical units, may be located in one position, or may
be distributed on a plurality of network units. Some or all of
the units may be selected depending on an actual require-
ment, to achieve the objectives of the solutions 1n the
embodiments.

In addition, functional units in the embodiments ot this
application may be integrated into one processing unit, or
cach of the umts may exist alone physically, or two or more
units may be itegrated mto one unit.

When the functions are implemented i a form of a
soltware function unit, and are sold or used as an indepen-
dent product, the functions may be stored in a computer
readable storage medium. Based on such an understanding,
the technical solutions of this application essentially, or the
part contributing to the prior art, or some of the technical
solutions may be implemented 1n a form of a software
product. The computer software product 1s stored in a
storage medium, and includes several instructions for
istructing a computer device (which may be a personal
computer, a server, a second device, or the like) to perform
all or some of the steps of the method described 1n the
embodiments of this application. The foregoing storage
medium 1ncludes various media that can store program code,

such as a USB flash drive, a removable hard disk, a
read-only memory (Read-Only Memory, “ROM” for short),
a random access memory (Random Access Memory,
“RAM” for short), a magnetic disk, or an optical disc.
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The foregoing descriptions are merely specific implemen-
tations of thus application, but are not intended to limait the
protection scope of this application. Any variation or
replacement readily figured out by a person skilled 1n the art
within the technical scope disclosed 1n this application shall
tall within the protection scope of this application. There-
fore, the protection scope of this application shall be subject
to the protection scope of the claims.

What 1s claimed 1s:

1. An uplink control signal transmission method 1mple-
mented by a first device, wherein the uplink control signal
transmission method comprises:

determining a first quantity of symbols; and

sending an uplink control signal to a second device on at

least one resource based on the first quantity of sym-

bols, wherein the uplink control signal comprises a

second quantity of symbols, wherein the second quan-

tity of symbols 1s greater than or equal to the first

quantity of symbols, and wherein the uplink control

signal 1s sent by:

determining M time domain resources, wherein M 1s
greater than or equal to one; and

sending the uplink control signal 1 some or all of
uplink transmission symbols 1 the M time domain
resources.

2. The uplink control signal transmission method of claim
1, wherein determining the first quantity of symbols com-
Prises:

recerving first information from the second device,

wherein the first information indicates the first quantity
of symbols; and

determining the first quantity of symbols based on the first

information.

3. The uplink control signal transmission method of claim
1, wheremn the M time resources comprise a first time
domain resource, and wherein sending the uplink control
signal on the at least one resource comprises sending the
uplink control signal 1n some or all of uplink transmission
symbols located in the first time domain resource and after
the first time domain resource.

4. The uplink control signal transmission method of claim
3, wherein sending the uplink control signal on the at least
one resource comprises sending the uplink control signal on
at least one time domain resource that i1s either at the first
time domain resource or after the first time domain resource.

5. The uplink control signal transmission method of claim
3, wherein determining the first time domain resource com-
prises receiving second mformation from the second device,
and wherein the second information indicates the first time
domain resource.

6. The uplink control signal transmission method of claim
1, wherein M 1s greater than one, and wherein sending the
uplink control signal on the M time domain resources
comprises sending the uplink control signal on at least one
of the M time domain resources.

7. The uplink control signal transmission method of claim
1, wherein determining the M time domain resources com-
prises recerving third information from the second device,

and wherein the third information indicates at least one of
the M time domain resources.

8. The uplink control signal transmission method of claim
1, wherein determining the first quantity of symbols com-
prises determining the first quantity of symbols using a
mapping relationship.
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9. The uplink control signal transmission method of claim
8, wherein the mapping relationship comprises a correspon-
dence table between measurement results and quantities of

symbols.

10. The uplink control signal transmission method of >
claim 9, wherein the quantities of symbols comprises one,
four, seven, and fourteen symbols.

11. The uplink control signal transmission method of
claiam 8, wheremn the mapping relationship comprises a
mapping relationship formula.

12. The uplink control signal transmission method of
claim 1, wherein the M time domain resources are deter-
mined by determining a start subiframe or a timeslot.

13. An uplink control signal transmission method imple-
mented by a first device, wherein the uplink control signal
transmission method comprises:

sending a first quantity of symbols to a second device; and

receiving, on at least one resource, an uplink control

signal from the second device based on the first quan-

tity of symbols, wherein the uplink control signal

comprises a second quantity of symbols, wherein the

second quantity of symbols 1s greater than or equal to

the first quantity of symbols, and wherein the at least

one resource 1s recerved by:

determining M time domain resource, wheremn M 1s
greater than or equal to one; and

receiving the uplink control signal 1n some or all of
uplink transmission symbols 1n the M time domain
resource.

14. The uplink control signal transmission method of
claim 13, wherein before recerving the uplink control signal,
the uplink control signal transmission method further com-
prises sending first information to the second device, and
wherein the first information 1ndicates the first quantity of
symbols.

15. The uplink control signal transmission method of
claim 13, wherein the M time resources comprise a {irst time
domain resource, and wherein receiving the uplink control
signal on the at least one resource comprises receiving the
uplink control signal in some or all of uplink transmission
symbols located 1n the first time domain resource or after the
first time domain resource.

16. The uplink control signal transmission method of
claim 135, wherein receiving the uplink control signal on the
at least one resource comprises receiving the uplink control 4>
signal on at least one time domain resource that 1s erther at
the first time domain resource or after the first time domain
resource.

17. The uplink control signal transmission method of
claim 15, wherein before recerving the uplink control signal,
the uplink control signal transmission method further com-
prises sending second information to the second device, and
wherein the second information indicates the first time
domain resource.

18. The uplink control signal transmission method of >3
claiam 13, wherein M 1s greater than one, and wherein
receiving the uplink control signal on the M time domain
resources comprises recerving the uplink control signal on at
least one of the M time domain resources.
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19. The uplink control signal transmission method of
claim 13, wherein before recerving the uplink control signal,
the uplink control signal transmission method further com-
prises sending third mmformation to the second device, and
wherein the third information indicates at least one of the M
time domain resources.

20. An uplink control signal transmission apparatus, com-
prising:

a memory configured to store instructions; and

a processor coupled to the memory, wherein the nstruc-

tions cause the processor to be configured to:
determine a first quantity of symbols; and
send an uplink control signal to a device on at least one
resource based on the first quantity of symbols,
wherein the uplink control signal comprises a second
quantity of symbols, wherein the second quantity of
symbols 1s greater than or equal to the first quantity
of symbols, and wherein the uplink control signal 1s
sent by:
determining M time domain resources, wherein M 1s
greater than or equal to one; and
sending the uplink control signal i some or all of
uplink transmission symbols in the M time
domain resources.

21. The uplink control signal transmission apparatus of
claim 20, wherein the instructions further cause the proces-
sor to be configured to:

rece1ve first information from the device, wherein the first

information indicates the first quantity of symbols; and
determine the first quantity of symbols based on the first
information.

22. The uplink control signal transmission apparatus of
claim 20, wherein the M time resources comprise a {irst time
domain resource, and wherein the instructions further cause
the processor to be configured to send the uplink control
signal 1n some or all of uplink transmission symbols located
in the first time domain resource or after the first time
domain resource.

23. The uplink control signal transmission apparatus of
claim 22, wherein the instructions further cause the proces-
sor to be configured to send the uplink control signal on at
least one time domain resource that 1s etther at the first time
domain resource or after the first time domain resource.

24. The uplink control signal transmission apparatus of
claim 22, wherein the instructions further cause the proces-
sor to be configured to recerve second information from the
device, and wherein the second information indicates the
first time domain resource.

25. The uplink control signal transmission apparatus of
claim 20, wherein M 1s greater than one, and wherein the
instructions further cause the processor to be configured to
send the uplink control signal on at least one of the M time
domain resources.

26. The uplink control signal transmission apparatus of
claim 20, wherein the instructions further cause the proces-
sor to be configured to recerve third information from the
device, and wherein the third information indicates at least
one of the M time domain resources.
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